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Abstract 
Drift deposits were measured on plant surfaces in natural 
canopies and hedgerows, comparing spraying techniques with 
different drift potentials. Drift deposits on plants were compared 
with drift sediments measured on petri dishes placed down wind 
on bare ground. Trials were done in meadows to simulate real 
off-crop habitats using a fluorescent tracer (sodium-fluorescein) 
at a rate of 50 g/ha in 200 and 380 I/ha. Canopy height was less 
than 20 cm. Standard flat fan nozzles (XR 11003) were used as 
weil as nozzles registered in Germany as 50 % drift reducing 
(AI 110 025) and 90 % drift reducing (ID 12005). Both drift re-
d.u~ing tech~iques showed a significantly lower off-target depo-
sItion level 111 comparison to the standard nozzle. At 10m dis-
tance from the sprayed plot, only a few measurements were 
found above the limit of quantitation, due to low drift potential. 
No difference was found for drift deposits on plants between the 
two techniques registered as drift reducing. These relations sup-
port the results and make clear that a refined risk assessment 1'01' 
exposure of terrestrial organisms is needed. It is concluded that 
the drift process is influenced by the canopy structure itself. This 
structure is eliminated for the established registration system 
which requires petri dishes as artificial collectors placed on bare 
ground downwind. It was further concluded that the proportion 
of the volume delivered in drop lets less than 100 ~lm in diameter 
was the most relevant factor of drift, the drift potential. This vol-
ume was about 8 % (XR 11003), 0,3 % (AI 110 025 and 0,2 % 
(ID 12005). These figures support the measured drift deposition 
obtained in our studies on the canopy and explain the difference 
between XR and the drift reducing techniques which were found 
to result in the same deposition level. The quantification 01' drift 
deposits on real, undisturbed canopies includes the effect 01' the 
canopy on drop let transport and retention, for example, the effect 
of sulface roughness on the drift process which is the more real-
istic test situation in comparison to petri dishes. This approach 
allows the description 01' deposits on three dimensional struc-
tures. 
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Zusammenfassung 
In dieser Untersuchung geht es um die Quantifizierung von drift-
bedingten Belagsmassen auf Pflanzen oberflächen in Grasbestän-
den und Hecken. Dieser methodische Ansatz weicht von den bis-
herigen Messungen mit auf einer Freifläche in Windrichtung 
platzierten Petrischalen, d. h. künstlichen Kollektoren, ab. Die 
Messungen wurden in Wiesen bis zu 20 cm Wuchshöhe durch-
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geführt, die einer realen Saumstruktur in ihrem Aufbau ähnlich 
sind. Appliziert wurde der fluoreszierende Tracer Sodium-Flu-
orescein mit einer Aufwandmenge von 50 g/ha in 200 bzw. 380 
I/ha. Verglichen wurden die Universaldüse XR 11003 mit den in 
Deutschland als 50 % (Al 110025) bzw. 90 % driftreduzierend 
(ID 12005) eingetragenen Düsen. Beide driftreduzierend einge-
tragenen Düsen unterschieden sich signifikant von der Univer-
saldüse, während sie selbst auf gleichem Niveau liegen. In 10m 
Entfernung liegen bei den driftreduzierenden Düsen nur noch 
einzelne Messwerte oberhalb der Bestimmungsgrenze. Aus die-
ser Arbeit sowie weiteren Untersuchungen wird abgeleitet, dass 
der Pflanzenbestand selbst einen enormen Einfluss auf die Ver-
frachtung der Partikel sowie auf den Retentionsprozess hat. Die-
ser Effekt wird bei der Sedimentmessung auf einer Freifläche 
ausgeschaltet. Da es Freiflächen in der Praxis kaum gibt, wird die 
Belagsmessung auf den Pflanzenoberflächen auch im Hinblick 
auf die Betrachtung von Nicht-Ziel-Organismen als realistische-
res Szenario angesehen. Die Ergebnisse werden weiterhin mit 
dem Feintropfenvolumen der untersuchten Verfahren begründet, 
d. h., dem Flüssigkeitsvolumen, das in Tropfen< 100 ~lm ausge-
bracht wird. Für die XR-Düse liegt dieser Wert bei etwa 8 %. Im 
Unterschied dazu liegen die Werte für die AI-Düse bei 0,3 % und 
eine ID-Düse bei 0,2 %. Diese Relationen stützen die Ergebnisse 
und machen deutlich, dass für die Expositionsbetrachtung teITe-
strischer Organismen ein realitätsnäheres Modell sinnvoll ist. 
Die Charakteristik von Saumstrukturen, etwa ihre Rauigkeit und 
Bestandesdichte, beeinflussen im Verhältnis zur Freifläche das 
Driftgeschehen und lassen erkennen, dass die Messung im Pflan-
zenbestand das realistischere Modell ist im Vergleich zur Petri-
schalenmessung auf Freiflächen. Darüber hinaus liefern die Un-
tersuchungen Hinweise zum besseren Verständnis des Driftpro-
zesses sowie der entstehenden "Patchiness", d. h. dem typischen 
kleinräumig sehr ungleichmäßigen Belagsmuster mit sehr geIin-
gem und punktuellem Bedeckungsgrad. Die Driftbelagsmassen 
auf Pflanzenbeständen werden mit in Petrischalen erfassten 
Driftsedimenten verglichen. 
Stichwörter: Pflanzenschutzmittel, Abdrift, Exposition, Be-
lagsmassen, Driftreduzierung, Risikobewertung 
Introduction 
Drift is generally closely related to pesticide spray application 
and means the quantity 01' sprayed liquid that is not retained 
within the treated field plot. Most 01' the drifted spray volume 
sediments in the adjacent area following a typical, exponential 
gradient over distance. Drift was indicated to be the most impor-
tant source of exposure 1'01' water bodies and off-crop habitats. 
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Fig . 1. Application situation 
in a meadow. 
German regulatory authorities developed a system of label re-
strictions or refused registrations. Drift measurernents have been 
done in various countries (GANZELMEIER et al., 1995; PORSKAMP 
et al., 1999). These data show differing levels of drift sediment 
due to differences in the applied measuring metbodology. All of 
the researcbers used artificial collectors like petri dishes or filter 
paper which normally were placed on a site with very low sur-
face roughness next to the sprayed plot. Norrnally, the collection 
site was oriented downwind and was a clear cut field without a 
plant canopy. Originally, these data were interpreted with respect 
to surface water contamination and a calculation of concentra-
tions in a defined water body. The need for exposure data for non-
target arthropods and non-target plants made obvious tbat tbe ex-
isting drift data did not reflect the deposition process on plant sur-
faces. Deposition meas-urements on crop plants, i.e. within tbe 
sprayed area, were published by KOCH and WEISSER (2001). Both 
investigations demonstrated the target specific level of spray de-
posits and their wide variability. This is interpreted as the result 
of the overlapping randorn processes of the spray application, be-
ginning with droplet formation and continuing to droplet trans-
portation, to retention and formation of the initial deposit on the 
plant surface structure. 
However, drift is supposed to fo)]ow different processes. 
Droplet transportation, the characteristics of the droplet spectrurn 
prone to drift, droplet retention, and finally, the deposit structure 
are quite different from the spray situation. Tbe course of the drift 
process seems to be obvious but there is a need for the quantifi-
cation of deposits and the description of spatial distribution pat-
terns in order to describe exposure in off-crop canopies. This 
work reports rneasurements of drift deposition on grass canopies 
like meadows representing off crop habitats. 
Material and methods 
The investigation of drift deposits on plant surfaces was carried 
out in the years 2001 and 2002. A field sprayer (15 m boom) was 
used to apply sodium-fluorescein as a tracer at a rate of 50 g/ha 
in 200 I water per ha and 380 IIba respectively (Fig. 1). Applica-
tion and drift measurements were carried out in meadows which 
were assurned to represent real off-crop structures. Only trials in 
meadows with a canopy height less than 20 cm are reported here. 
Using a meadow as a model for off-crop canopies allowed 
the adjustrnent of driving direction to be almost perpendicular 
to the actual wind direction . Wind speeds were between 2 and 
5 mlsec , a BBA-requirement for drift measurernents (BBA, 
1992). Trials were done to cornpare nozzles XR 11003, Al 
110025 and ID 12005, at settings as gi yen in Table 1. Addi-
tionally nozzle XR 110 03 was investigated in combination 
with an edge of boom nozzle UB 85 03 . 
Wind speed and wind direction during application were meas-
ured close to the test site. The field edge was defined to be 25 cm 
beyond the last nozzle on tbe boom, which is tbe calculated 
working widtb . Frorn that point, four replicate leaf sarnples of 
about 100 cm2 surface area were taken at I , 3, 5, and 10m dis-
tance. Sarnpling was done in one sarnp]jng horizon. The leaves 
were cut into plastic flasks , immediately stored in tbe dark and 
transported to the lab where the tracer was extracted (aqua dest.). 
The resolved tracer concentration was rneasured using a fluo-
rorneter (Shimadzu RF 1502) at 484 nm (excitation) and 512 nm 
(emission). Measured values were related to the leaf surface area 
which was scanned and determined as described by SPIELES and 
KOCH (1992) . Tbe deposits were expressed in ng/crn2 surface 
area and related to a dose rate of 1 g/ha. 
The limÜ of quantitation depended on natural fluorescence of 
the leaves and was in the range of around 0.05 ng/cm2 . Tbe limit 
of detection was 0.02 ng/cm2 As the frequency distributions of 
the results were skewed, the median was used as a better para-
meter for central tendency (STEEL and TORRIE, 1960; MOLL, 
2003) . 
To investigate drift deposits in hedges, applications were 
done using the standard flat fan nozzle XR 110 03 (Fig. 3) 
and tbe nozzle Al 110 025 (Fig . 4) which is registered in Ger-
rnany as 50 % drift reducing. Leaf sarnpling was done using a 
grid of 12 sampling zones to get information about the spatial 
Tab. 1. Nozzle settings and % volume delivered in droplets < 100 IJm 
Nozzle 
XR 11003 
AI 110025 
ID 12005 
31-03-F110 • 
Pressure 
2.1 
3.0 
2.0 
3.0 
Umin 
0.97 
0.96 
1.61 
1.17 
Uha 
200 
200 
380 
230 
• relerence used in Ihe Netherlands, according 10 PORSKAMP el al. (1999) 
Volume in dropleis 
< 100 11m (%) 
8 
0.3 
0.2 
10.6 
Volume in dropleis 
< 100 11m (ml/100 m spray lenglh, 
20 m wide, 6 km/h) 
3200 
120 
150 
4876 
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Fig. 2. Sampling 
grid of the front 
of a hedgerow 
showing 12 sam-
pling sectors. 
Nachrichtenbl. Deut. Pflanzenschutzd. 55.2003 
HERIBERT KOCH et al., Effect of drift potential on drift exposure in terrestrial habitats 183 
distribution of the deposits. Sampling was restricted to the ex-
posed front part of the hedge, 1,5 m deep and 2 m high. This 
part of the hedge was divided into blocks of 0,5 m x 0,5 m 
over a totallength of 5-8 m (Fig. 2). Four sampies were taken 
from each sampling zone. Sampie size, smllple handling and 
sampie preparation was carried out as described above for the 
trials done in meadows , with the difference that drift deposits 
in hedges should be deseribed with respeet to size and geome-
try of theil' 3-dimensional strueture. Tbe sampling was strati-
fied into sampling sectors of 0,5 m in depth and height. In to-
tal , 12 sec tors were sampled wrueh covered 1,5 111 in depth 
and 2 m in height. Sampling of 4 replieates per seetor was 
earried out over a length of about 5 111. 
In a third set of trials, the drift from nozzles XR 110 03 , Al 
I] 0 025 and ID 120 05 was measured on petri disbes plaeed 
down wind on bare ground. Here the tracer Brilliant Sulfoflavin 
was applied, whieh is eommonly used for this type of investiga-
tion (BBA, 1992). 
Fig. 3. Application near a hedge-
row with XR 110 03. 
Fig. 4. Application near a hedge-
row with AI 110 025. 
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Results 
Drift deposits on plant surfaces 
Figure 5 compares deposits of the nozzle type XR 11003 with 
the air induction nozzle AI 110 025. The number of leaf sampies 
at each sampling di stance is indicated (n). The frequency of de-
posits below the limit of detection is listed in the line (nn). Drift 
deposits from both nozzles show the expected gradient with a 
wide variation at each measuring di stance. The XR 11003 val-
ues are grouped on a higher level which is roughly one order of 
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Fig. 5. Drift deposits on plant surfaces at 1, 3, 5 and 10m from the sprayed plot. Comparison of nozzle types XR 11003 and 
AI 110025 (n = number of sampies; nn = values below limit of detection). 
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Fig. 7. Drilt deposits on plant surfaces at 1, 3, 5 and 10m from sprayed plot. Comparison 01 XR 11003 and XR 11003 with UB 85 03 edge 01 
boom nozzle. (n = number 01 sampies). 
Figure 6 compares drift deposits from an AI 110025 and an 
ID 12005 . The data set shows the same deposition levels as 
has been demonstrated fo r the AI 110 025. In consequence, the 
50 %-nozzle and the 90 %- Ilozzle show no significant diffe r-
ences in terms of drift deposits on pl ant surfaces . 
Vari abili ty of deposits in both figures is highest at the Im-line, 
which is explained by fan geometry and nozzle position in rela-
tion to the field boundary. Flat fa ns with an angle of 110 I 120 are 
des ioned to cover a calculated swath of 50 cm width but drop lets b . . . 
may ac tu all y cover a wider strip when operated at 50 cm helght. 
A spray boom is usuall y osc illating because oftractor movement 
on rough ground . Such movements - yaw, pitch, and tilt - cause 
the nozzle to change position relati ve to the fie ld edge. Due to the 
fan geometry, there is a chance that so me pos itions even I m ad-
jacent to the field are over sprayed by the edge of the fIat fa n lead-
ing to single high deposits. Even in meadows, the nozzle boom 
will be inf luenced by tractor movement causing the edge nozzle 
to osc ill ate sideways as weil as up- and downwards. A second fac-
tor of hi gh deposits at land 3 m is explained by the fine drop vol-
ume which is in total accelerated towards these positions . Using 
one asymmetri c spraying nozzle as an end of boom nozzle sub-
stanti all y reduced both effec ts. 
The effect of this single nozzle is clearly demonstrated in Fig-
ure 7 , especiall y at l and 3 m distance. At greater distances, the 
drop spectra characteristics of the XR 110 03 dominates the drift 
processes and deposits. 
Tab. 2. Median drift deposits at investigated distances to the field 
edge [ng/cm2 per g/ha] 
Nozzle tested Sampling distance (distance Irom li eid edge) (m) 
1 3 5 10 
XR11003 
AI110025 
ID 12005 
XR 110031 
UB 85 03 
0.1423 
0.0068 
0.0078 
0.0365 
0.0307 
0.0019 
0.0008 
0.01 91 
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0.01 58 
0.0011 
0.0006 
0.01 33 
0.0039 
o 
0.0004 
0.0027 
Drift sediments on petri dishes 
In separate tri als, drift was measured using petri di shes, ac-
cord ing to the BBA Guideline VII 1-2.3.3 (BBA, 1992). Sin-
gle va lues are sbown in Figure 8 and sediment medians are 
li sted in Table 3. The median is used for the registration of 
spray ing techniques in the BBA- li st "dri ft reducing tech-
niques" (www. bba.de). Figure 8 demonstrates the di fferent 
characteristics of the investigated nozzles in relation to the ba-
sic drift values wh ich were obtained fro m a wide range of the 
diffe rent nozzle types, including ai r inducti on nozzles . Close 
to the field edge, drift sediments are hi gher than the bas ic drift 
values. However, they decrease rapid ly and the overall gradi-
ent is much steeper. In Table 3, the medians of the sediments 
are compared and illustrate the drift levels of nozzle types and 
the BBA data set. The gradients run almost parallel but at di f-
ferent levels and drift reducing nozzles show signi ficant re-
ducti on of dri ft sediments. 
Drift deposits in hedgerows 
The spatial di stributi on of drift deposits on leaves in 
hedgerows was in vestigated. Hedges are not uni form and are 
characteri sed by their species compos ition as weil as their age 
or their habi t. The adopted sampling procedure allowed a de-
scription of the deposits in the most exposed front part of 
hedges. 
Figure 9 shows the deposits measured in 7 tri als (28 sam-
pies) with the nozzle XR 110 03 and 5 tri als (20 sampies) 
with the nozz le AI 110 025. Aga in , the wide variation of de-
pos its has to be considered, covering over two orders of mag-
nitude. The effect of the drift reducing technique was evident 
and showed a gradient over distance and height. The number 
of sampies with depos its below the limit of detection in -
creased with distance/depth and height. 
Table 4 li sts the median depos its fo r both in ves ti gated tech-
niques. T he hi ghest deposits were fo und in the sector is clos-
est to the spray boom (0-50 cm 10- 50 cm), as expected. Me-
186 HERIBERT KOCH et al. , Effect of drift potential on drift exposure in terrestrial habitats 
100 
10 
-~ ~ 1 ... ---- ---- ----------... 
s:::: 
... 
-- --- ---- , -------
Cl) 
E 0.1 
'0 
Cl) 
VI • 
::: 0.01 
'i: 
'0 
... ... 0.001 ------------- ----- ---------- --- -- -- -- --------- ..... -- - -
0.0001 18 
o 10 20 30 40 50 
distance to edge of field (m) 
... AI110025 .... XR 110 03 ... 1012005 
Fig.8. Drift fall out on petri dishes (% of nominal dose) placed downwind on bare ground. n (XR 110 03 30; AI 110 025 = 40; 
1012005 = 40). 
dian deposits from the drift reducing nozzle were only about 
1,4 compared to the standard nozzle. 
Discussion 
The measurement of drift deposits on plant surfaces in real 
canopies/meadows is a higher tiered approach to quantify drift 
exposure, compared to the standard measurement of sediments in 
petri dishes placed downwind on bare ground. 
The basic parameter describing the drift potential of an ap-
plication tecbnique is the volume delivered in droplets < 100 
!-Im . In addition to the important factor of drop size the struc-
ture of the exposed canopy itself is important. Unlike bare 
ground, canopies are rough and their structure allows air and 
particles to pass through . Canopy roughness and filtering ef-
fects influence the drift process as weil as the retention 
process and alter tbe deposition gradient in comparison to the 
bare ground scenario. We conclude that the filter effect re-
duces the amount of particles at increasing downwind distaIlCe 
from the field edge, resulting in a steeper and shorter gradient. 
The effect of wind seems to be obvious but wind is conti nu-
ously changing in speed and direc tion on a small scale wh ich 
results in turbulence and finally in a patchy drift deposit of 
very small and single dotted coverage (Fig. 10). Thus, meas-
ured drift deposits are highly variable at defined sampling dis-
tances as weil as at adjacent positions and over canopy height. 
Figure 10 demonstrates that drifting particles are retained pref-
erentially on upper plant parts (KOCH et al. , 2002 ; KOCH and 
STRUB, 2003). They do hardly enter the deeper zones of a 
canopy. The introduction of an " iso-mortality-line" within the 
geometry of areal canopy as proposed by KÜHNE et al. (2002) 
may be difficult. 
The main focus of this work was to compare specific spray-
ing tecbniques. The "conventional" nozzle XR 110 03 is char-
acterised by a fine drop vo lume around 8 % (Tab. 1.). Both 
other nozzles, registered as 50 % and 90 % drift reducing, have 
vallIes of 0.3 % and 0.2 % respectively. These three figures ex-
plain the large difference in drift deposition between the XR-
nozzle and both the other nozzles. 
The drift deposits on plants are differing from drift measure-
ments using petri dishes placed on a bare held due to the differ-
ent methodologies: the flow ofthe air stream over a petri dish and 
filter paper is completely different from that over a canopy. 
WOLF (1999) has demonstrated the effect of stubble on wind 
speed reduction and changes in the vertical air speed profi le. He 
concluded that an important effect on deposition is the canopy it-
self and gave supporting evidence. Measurement of drift deposits 
on plants are consequently the more realistic scenario , as the 
plants themselves include all the factors of canopy induced 
processes , such as drift transportation and deposit formation. 
It is most remarkable that there are almost no deposits fo und 
above the limit of quantitation for the 50 % drift reducing tech-
niqlle at the LO m line (Fig. 3). 
The frequency distributions of the measured deposits were 
typically skewed . The median should be prefeITed to asses the 
true (i.e., unknown) mean (Tab. 2.). 
Tab. 3. Median drift fall out, %'of nominal dose (petri dishes on bare ground) 
Trend median of data set 
of BBA basic drift values 
XR 11003 
AI 110025 
1012005 
Measuring distance (m) 
1 3 
0.970 
8.814 
1.101 
0.884 
0.340 
1.644 
0.250 
0.096 
5 
0.210 
0.692 
0.178 
0.045 
10 20 30 50 
0.110 0.060 0.040 0.020 
0.252 0.085 0.035 0.010 
0.076 0.023 0.010 0.004 
0.015 0.004 0.002 0.000 
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Fig . 9. Drift deposits on leaves in hedgerows. 
Comparison 01 drift deposits lrom nozzles 
XR 11003 and AI 110025. nn: Irequency 01 
values below the limit 01 detection. n = number 
01 investigated sam pies. 
While the drift deposits on plants of tbe nozzle types regis-
tered as 50 % and 90 % drift reducing are in the same range, 
both techniques show a distinctl y different drift sedimentation 
on flat ground . This difference can be explained by the effect 
of the canopy structure itself. The shape of the drift sediment 
gradient is also different from the drift deposits found on 
plants. One important aspect mi ght be that we obtained data 
for specific technical configurations (nozzle/pressure) while 
the BBA data set contains a wide range of nozzles and set-
tings . 
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Dri ft deposits in hedgerows demonstrate the spatial di stribu-
ti on pattern ( G ANZELM EIE R et al. , J 995). The deal' effect of the 
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Tab.4. Median deposits (hedge) in the investigated sampling 
sectors 
XR 11003 Median deposit (ng/cm2 per g/ha) 
Height (em) 
150-200 0.0230 0.0056 0.0035 
100-150 0.0299 0.0083 0.0029 
50-100 0.0523 0.0229 0.0059 
0-50 0.1094 0.0316 0.0181 
Depth (cm) 0-50 50-100 100-150 
AI 110025 Median deposit (ng/em2 per g/ha) 
Height (em) 
150-200 0.0041 0.0014 0.0002 
100-150 0.0070 0.0009 0.0009 
50-100 0.0148 0.0034 0.0014 
0-50 0.0240 0.0078 0.0015 
Depth (em) 0-50 50-100 100-150 
reduced fine drop volume of the drift redueing techniques finally 
explains the reduction in median deposit (Tab. 4 .). 
The variabi Ii ty of deposits in the hedgerow sampling sectors is 
even higher than in the grass structure. Th is is a resu lt of hedge 
strueture variability and porosity as weil as turbulent air move-
ment into the hedge. Here again, the structure of hedges and theil' 
geometry itself affect air f10w and air penetration and causes the 
Fig . 10. Patchiness of the drift deposition pattern in a grass canopy 
visualised by Paraquat drift. Eaeh single dot originates fram a droplet 
< 100 11m in diameter. 
hedge to behave more li ke a fi lter or more li ke a baITier, respec-
tively. 
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